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be mounted on a lightweight telescoping mast is also described. The aitenna
has demonstrated excellent gain and pattern characteristics for its size.
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ILTHEODUCTION

One of the basic deficiencies of short range, microwave surveiliance ra-
dars is their inmability to penetrate even moderate foliage. A program has
been under@my in the Radar Technical Area of the Combat Surweillance and Tar—
get Acquisition laboratory, Fort Monmouth, N.J. to investigate the addition
of an L-vand foliage peneiration array to an existing X-band surveillance ra-
dar antenna. The objective was to achieve this capability without apprecia-
ol; adding to the size or weight of the X-band antenna. The acromym COMSFOR
was coined to designate this Combined Surveillance and Foliage Pemetration Ra-
dar wiich resulted {rom the experiment.

Another L-band array, designed to provide more gain, was to be used for
Toliage penetration alone, This antenna was also designed to be lightweight,
but capable of being mounted atop a man-portable mast, separate from the X- .
band antenna. <

The design of each antenna and the results obtained are described in this
report.

DUAL FREQUEICY ANTEMIA

The experimental model developed for the Combined Surveillance and Fo-
liage Penetration Radar dual-frequency antenna is shown in Figure 1, The X~
band antenna is a flat plate array of broadwall waveguide slots, The arrdy is
mounted on a lightweight tripod and is mechanically scanned in azimuth., The
artenna radiates with vertical polarization in the scan plane, There is :10
electrcric or mechanical scan in elevation. The foliage penetration antenna
was designed for L-band (1220-1230 1fHz) for somewhat lesser attenuation
through the fcliage and therefore better radiation penetration than that pos-
sible with the X-band array.

The L-oand arra, consists of four stripline dipole elements, horizontal-
1y polarized, each with a passive director. The feed network includes a hy-
brid ring to provide for phase monopulse in azimuth. The X-band array serves
as a reflector when the radar is in the foliage penetration mode, The dipole/
director elements are arranged in two pairs, as shown in Figure 1, and are
collapsible over each other and in front of the X-band antenna for protection
and for convenience of transport. A mechanical lever arrangement is combined
with a stripline-to-coax connector for rigidity of the dislectric material
and to permit collapsing of the antenna. The mechanical leverage does not in-
terfere with the performance of the antenna., When folding or unfolding the
antenna, no RFF connections or disconnections are necessary.

The stripline dipole/director elements are ,:nled sn two sheets of
0.062-inch thick copper-plated Durold dielectric. It was found that additione
al rigidity could be given the dielectric sheets by plaeing small rivets along-
side the radiators and transmission line, The rivets caused no change in the
elerent!s radiation or impedance characteristics.

The coax-stripline connector at either short edge of the dielectric ex-
cites a 50-ohm stripline transmission line which runs along and close to the
long edge of the sheet, to a 90-degree radius band, then serves as the inner ;
conductor of a two awm balun to excite its dipole, The transmission line is

1
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terminated at the dipole., Each coax-stripline connector has attached to it

a flexible coaxial cable for continuation of the transmission line to the in-
side of the radar console., In the final model there would then be an RF bulk~
head connector for each of the four flexible cables. Inside the radar con-
sole there is a semi-rigid coax cable which continues the transmission line

tc a stripline hybrid ring "rat race." Integrated with the hybrid is a match-
ing transformer which mates each of the upper and lower dipole/director ele-
nents to one of the hybrid's antenna ports.

] The L-band array was designed to provide horizontally-polarized phase
monopulse in azimuth over a 1220-1280 MHz band; Figure 2 shows the sum and
difference excitation modes plotted on polar log paper for the center frequen-
cy. The patterns at the band edges are essentially the same, maintaining both p
a deep null on the difference pattern and pattern symmetry. The elevation ' : E
pattern of the array is given in Figure 3., That the aperture has been effi- -
ciently used is seen by comparing the measured gain with the directivity of a
uniformly illuminated area the size of the X-band aperture., The X-band aper-
ture measures approximately 8 X 13.5 inches, If this area were uniformly il-
luminated at I-band, the directivity would be 11.8 dB., The measured gain of
the stripline dipole/director array over this area used as a reflector is 11

' across the band. This measured gain includes RF losses in the hybrid ring,
the semi-rigid cable from the bulkhead connector to the edge of the stripline
board, and the stripline transmission line to the dipole.

The pattern of a single dipole/director element by itself over the cen-
ter of the X-band aperture is shown in Figure 4. The measured element gain ..
8.4 4B with respect to an isotropic point source. It has been noted that the
full array of four elements provides only about 3 dB more in gain over that ol
a single dipole/director element. This is due to the aperture sharing of the
individuwal elements, that is, doubling the number of these elements does not
actually double the effective excitation area, as might be the case for a more
directive planar antenna. Figure 5 shows the impedance of the dipole/director
element, which is essentially the same with the radiator in the environment of
the other L-band elements, Input impedance of the entire L-band array, look-
ing into both the sum and difference arms of the hybrid, is given in Figure 6,
Figure 7 shows the input impedance of the same hybrid, but with matched co-
axial loads as terminations of the antenna ports.

The X-band aperture, which serves as a reflector when in the L-band mode,
has broadwall slots in horizontal waveguide for vertical polarization,

Each of the I-band array pairs is positioned so that the dielectric sheets
are centered between the horizontal rows of waveguide line sources of the X-
band antenna. That is, there is no physical obstacle dirsctly over any of the
slots. Figures 8 and 9 show plotted in relative power (in dB) the unobstructed
radiation patterns of the X-band apertures for the elevation and azimuth
planes, respectively, at the center frequency at 9.8 GHz, Figures 10 and 11
show the same pattern cuts for the X-band antenna with the L-band antenna in
place, also at 9.8 GHz., Observe that the azimuth scan plane is not affected
as much as the pattern of the elevation plane. These patterns are representa=-
tive of those measured at 9.7 and 9.9 GHz for both the obstructed and unob-
structed pattern cenditions, The measured input impedance of the X-band array
for these same two input conditions is shown in Figure 12,
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An indication of the optimum placement of the L-band radiators was deter— :°
mined by measuring both impedance and antenna patterns for several E- and H- s
plane spacings. Gain variations were also noted for the X-band array for the LT o
various L-band configurations, for example: ; E

-

1. Single set of 2 L-band elements placed symmetrlcally on the eleva- -;f'-f P
tion centerline of the X-band aperture: gain change ~0.5 db : Ty

AT W T S AT AR L

AT TR SR RS SRR

2. Two sets of 2 L-band elements placed symmetrically above the X-band ;5§
aperture (3.8" vertical spacing): gain change ~1.5 dB.

SRR

3. Two sets of 2 L-band elements placed symretrically above the X—band _>ﬁ
aperture (5.6" vertical spacing): gain change -1.0 dB o =

4. Three sets of 2 l-band elements placed above the X-band apertare,‘ }
one set at the elevation center and the other two sets at the upper. and lower - . .
edges of the aperture: gain change -0.8 dB - -

R WA N A R SRS ST

~

; Case 1, although it had the least X-band gain degradation, was.not'chbsqn"
§ because the one set of L-band radiators had a nominal gain of only 9 dB across, -
# the band. Cases 3 and 4 were not used because they resulted in higher side

’ ' and back lobes than tolerable in the I~band elevation plane, Thus, Case 2,

3 while having the greatest X-band gain degradation of the configurations at-

E tempted, resulted in the best overall tradeoff when dual frequency character-

3 istics were considered,
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L-BAND CORNER REFLECTOR ANTENNA

: An L-band antenna for the Combined Surveillance & Foliage Penetration
Radar project which could be used separate from the X-band antenna was also
designed and built, This antenns would not actually have dual-mode capabili-
: ty, but would be used for the foliage penetration mode alone, The antenna was
{ to have more gain, minimum resistance to wind, and still be light weight so
b that it could be hoisted atop a lightweight man-portable mast. By raising the
i antenna, the ground-lobing loss would also be lessened.
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The antenna built is a 90~degree cornsr reflector with four of what are

¥ essentially the same dlpole/dlrector elements as used in the dual aperture an- S
; tenna, The reflector is constructed of a grid of cylindrical aluminum rods to : -%
: satisfy the requirements of light weight and minimum wind resistance., Figure § :@
i 13 is a photograph of the antenna mounted on a tripod supported mast. The re- o3
¢ flector is hinged along its apex, which permits folding of the reflector to i @
v protect the elements in transport. The radiators were adjusted in azimuth for R _§
i optimum gain-pattern-impedance characteristics, Each pair of elements is : it g
£ joined by a 3-dB stripline power splitter which is in turn joined with flex~ 3 f@
g ible coaxial cable to a stripline hybrid ring. The reflector projects an area A«%
¥ of 30 inches in azimuth by 19 inches in elevation, An azimuth pattern display- E

ing the sum and difference modes at 1250 MHz is given in Figure 14, The pat-
terns at 1220 and 1280 MHz are essentially the same. An elevation pattern is E
shown in Figure 15, The stripline hybrid ring for. this antenna, unlike that 3
of the dual-band antenna, has no additional matching network as part of the
same stripline board, This hybrid ring has a maximum VSWR of 1.15 with at
least 30 dB isolation across the band, For the complete antenna feed, the 9
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.phase.is within 5 degrees from hybrid input to each of the antenna connec-

tions. Total input impedance is plotted in Figure 15. Gain with respect to

‘ 1sotr0p1c is plotted in Figure 17.

: comcwsxoua

A hghtwej ght. low vost antenna has been designed for the foliage pene-
tration mode for the COXSFOR project. It has been demonstrated that, through

- Jjudicious compromise, an existing X-band antenna can be afforded a very de-

sirable dual-band capability, without redesign of the X-band aperture. The
‘dual-band aperture and the separate corner reflector antenna are both under-

gomg system evaluation.
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